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,QWURGXFWLRQ
2YHU WKH ODVW GHFDGH DPSKLSKLOLFPHPEUDQHVPDGH E\ VHOIDVVHPEO\ IURP EORFN FRSRO\PHUV
KDYH DWWUDFWHG D ORW RI VFLHQWLILF LQWHUHVW 7KH IRUPDWLRQ RI WKH SRURXV VWUXFWXUH RI WKHVH
PHPEUDQHVLVEDVHGRQWKHDJJUHJDWLRQRIPLFHOOHVLQEORFNFRSRO\PHUVROXWLRQDQGLQGXFHGE\
DSKDVHLQYHUVLRQSURFHVVGXULQJWKHPHPEUDQHFDVWLQJ
,Q RUGHU WR XVH WKHVH PHPEUDQHV LQ WKH ILHOG RI ZDWHU ILOWUDWLRQ DGGLWLRQDO IXQFWLRQDO JURXSV
LQVLGH WKH SRUHV DQG RQ WKH VXUIDFH RI WKH PHPEUDQH PD\ JLYH WKH RSSRUWXQLW\ IRU YDULRXV
DSSOLFDWLRQV )XQFWLRQDO PROHFXOHV PD\ EH DWWDFKHG WR FRUUHVSRQGLQJ IXQFWLRQDO VLWHV RI WKH
EORFN FRSRO\PHU YLD VXSUDPROHFXODU LQWHUDFWLRQV RU FRYDOHQW ERQGV RU WKH EORFN FRSRO\PHU
PHPEUDQHFDQEHFRDWHGE\DQRWKHUWKLQSRO\PHUOD\HU
,Q WKH ODVW FRXSOH RI \HDUV SRO\GRSDPLQH D PXVVHOLQVSLUHG SRO\PHU FRDWLQJ EDVHG RQ
FDWHFKROLF FKHPLVWU\ KDV DWWUDFWHG D ORW RI LQWHUHVW LQ WKLV ILHOG )RU WKH IRUPDWLRQ RI
SRO\GRSDPLQHGRSDPLQHXQGHUJRHVR[LGDWLYHSRO\PHULVDWLRQ LQVOLJKWO\EDVLFVROXWLRQWRIRUP
VWURQJFRYDOHQWDQGQRQFRYDOHQWLQWHUDFWLRQVZLWKWKHVXUIDFHRIPDQ\GLIIHUHQWVXEVWUDWHV
0HPEUDQHV PRGLILHG ZLWK SRO\GRSDPLQH HQKDQFH WKH IOX[ DQG UHGXFH IRXOLQJ GXH WR WKH
LQFUHDVHGK\GURSKLOLFLW\E\WKHK\GUR[\OJURXSVRQWKHLUVXUIDFHV$VXLWDEOHRYHUYLHZDERXW
WKHSURSHUWLHVDQGWKHEHQHILWRISRO\GRSDPLQHZDVSXEOLVKHGLQDUHYLHZE\%6WlGOHUHWDOLQ
LQFOXGLQJIXUWKHUUHDFWLRQV3RVWPRGLILFDWLRQRISRO\GRSDPLQHVXUIDFHVLVSRVVLEOHYLD
6FKLII EDVH RU0LFKDHO DGGLWLRQ UHDFWLRQ ZKLFK RIIHUV WKH RSSRUWXQLW\ WR DWWDFK DPLQH RU WKLRO
FRQWDLQLQJFRPSRXQGV
2XUDLPZDVWRXWLOL]HWKHFKHPLVWU\RISRO\GRSDPLQHIRUWKHSRVWIXQFWLRQDOL]DWLRQRI LQWHJUDO
DV\PPHWULFEORFNFRSRO\PHUPHPEUDQHV

0HWKRGV
3RO\GRSDPLQHFRDWLQJ
%ORFN FRSRO\PHU PHPEUDQHV FP [ FP ZHUH GLSSHG LQWR D VROXWLRQ RI GRSDPLQH
K\GURFKORULGH  PJP/ GLVVROYHG LQ P0 7ULVEXIIHU S+  XOWUDSXUH ZDWHU 7KH
UHDFWLRQ YHVVHO ZDV SODFHG RQ D VKDNHU DQG WKH PHPEUDQHV ZHUH FRDWHG IRU  PLQ 7KH
PHPEUDQHV ZHUH ULQVHG ZLWK XOWUDSXUH ZDWHU DQG GULHG DW URRP WHPSHUDWXUH EHIRUH XVH IRU
IXUWKHUUHDFWLRQV

5HDFWLRQRISRO\GRSDPLQHFRDWHGPHPEUDQHVZLWKDPLQHV
3RO\GRSDPLQH FRDWHG PHPEUDQHV ZHUH GLSSHG LQWR D VROXWLRQ RI WKH FRUUHVSRQGLQJ DPLQH
PJP/ GLVVROYHG LQ P0 7ULVEXIIHU S+    XOWUDSXUH ZDWHU 7KH UHDFWLRQ
YHVVHOZDVSODFHGRQDVKDNHUDQGKHDWHG WR& IRUK$IWHUFRROLQJGRZQ WKHPHPEUDQH
ZDVULQVHGZLWKSOHQW\RIXOWUDSXUHZDWHUDQGGULHGDWURRPWHPSHUDWXUHEHIRUHFKDUDFWHULVDWLRQ
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3RVWIXQFWLRQDOLVDWLRQRIPHPEUDQHVYLDK\GURJHQERQGLQJ
%ORFN FRSRO\PHU PHPEUDQHV IRU PRGLILFDWLRQ YLD K\GURJHQ ERQGLQJ ZHUH LPPHUVHG LQWR
XOWUDSXUH ZDWHU IRU DW OHDVW PLQ 6XEVHTXHQWO\PHPEUDQHVZHUH GLSSHG LQWR D VROXWLRQ RI
K\GURJHQERQGGRQRUPROHFXOHVLQXOWUDSXUHZDWHU7KHUHDFWLRQYHVVHOZDVVKDNHQIRUK7KH
PHPEUDQH ZDV ULQVHG VHYHUDO WLPHV ZLWK SOHQW\ RI XOWUDSXUH ZDWHU SXULILHG E\ LPPHUVLRQ LQ
XOWUDSXUHZDWHUWZLFHIRUKDQGGULHGDWURRPWHPSHUDWXUH

&KDUDFWHULVDWLRQ
0RUSKRORJLFDOFKDUDFWHULVDWLRQZDVPDLQO\FDUULHGRXUE\DWRPLFIRUFHPLFURVFRS\XVLQJWDSSLQJ
PRGH 6SHFWURVFRSLF FKDUDFWHUL]DWLRQ ZDV FDUULHG RXW XVLQJ +05 DQG $75)7,5 S+
GHSHQGHQWZDWHUIOX[DQGUHWHQWLRQPHDVXUHPHQWVZHUHFDUULHGRXWXVLQJDKRPHPDGHWHVWLQJ
GHYLFHDWWUDQVPHPEUDQHSUHVVXUHVXSWREDUV

5HVXOWV
,QRXUZRUNIRFXVLQJRQ WKHPRGLILFDWLRQRIDV\PPHWULFPHPEUDQHVPDGHIURPSRO\VW\UHQHE
SRO\YLQ\OS\ULGLQH SRO\PHUV WZR GLIIHUHQW DSSURDFKHV ZHUH XQGHU LQYHVWLJDWLRQ 2QH
RSSRUWXQLW\ WRELQG IXQFWLRQDOPROHFXOHV WR WKHPHPEUDQHZDV WKHZHDN LQWHUDFWLRQDSSURDFK
YLD K\GURJHQ ERQGLQJ 7KH K\GURJHQ ERQGLQJ RI DOFRKROV DQG FDUER[\OLF DFLGV DV K\GURJHQ
ERQGGRQRUVWRWKHS\ULGLQHXQLWRIWKHPHPEUDQHVZLOOEHGLVFXVVHG8QIRUWXQDWHO\WKHVHZHDN
LQWHUDFWLRQVZHUHQRWVWDEOHGXULQJZDWHUIOX[PHDVXUHPHQWVDWEDU
%DVHGRQWKH LQVWDELOLW\RI WKHK\GURJHQERQGLQJGXULQJZDWHU ILOWUDWLRQZHHQYLVDJHGWRXWLOL]H
RWKHU ZHOO VWXGLHG SDWKZD\V IRU WKH SRVWIXQFWLRQDOLVDWLRQ RI V\QWKHWLF PHPEUDQHV 2XU
PHPEUDQHV ZHUH UHDFWHG ZLWK GRSDPLQH LQ VOLJKWO\ EDVLF VROXWLRQ XQGHU R[LGDWLYH
SRO\PHUL]DWLRQ)LJXUH

)LJXUH0RGLILFDWLRQRIPHPEUDQHVZLWKSRO\GRSDPLQH

3RO\GRSDPLQHZDV VXFFHVVIXOO\ DWWDFKHG WR WKH VXUIDFH RI WKHPHPEUDQHV )LJXUH  VKRZV
WKHFKDQJHVLQWKHVXUIDFHPRUSKRORJ\RISRO\VW\UHQHESRO\YLQ\OS\ULGLQHGLEORFNFRSRO\PHU
PHPEUDQHVEHIRUHDQGDIWHUSRO\GRSDPLQHFRDWLQJ


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)LJXUH$)0SKDVH LPDJHV WDSSLQJPRGHRIEORFN FRSRO\PHUPHPEUDQHEHIRUH OHIW DQG
DIWHUPLQRISRO\GRSDPLQHFRDWLQJULJKW7KHVFDOHEDUFRUUHVSRQGVWRQP

2QH LPSRUWDQW SURSHUW\ RI WKRVH PHPEUDQHV UHPDLQ FRQVWDQW GHVSLWH WKH SRO\GRSDPLQH
FRDWLQJ LQ ZDWHU IOX[ PHDVXUHPHQW SRO\VW\UHQHESRO\YLQ\OS\ULGLQH GLEORFN FRSRO\PHU
PHPEUDQHVDUHDEOHWRFORVHWKHLUSRUHVZKLOHORZHULQJWKHS+YDOXHZKHUHDVDQLQFUHDVLQJS+
OHDGVWRDUHYHUVLEOHRSHQLQJRIWKHSRUHV
)XUWKHU UHDFWLRQRISRO\GRSDPLQHFRDWHGPHPEUDQHVZLWKDPLQHV OLNHYLQ\O0LFKDHODGGLWLRQ
ZHUHSURPLVLQJ6FKHPH:LWKWKLVPHWKRGLWZDVSRVVLEOHWRDWWDFKRWKHUIXQFWLRQDOJURXSV
WRRXUPHPEUDQHV

6FKHPH5HDFWLRQRISRO\GRSDPLQHFRDWHGPHPEUDQHVZLWKDPLQHV


'LVFXVVLRQ
7KHSRVWIXQFWLRQDOLVDWLRQRIEORFNFRSRO\PHUPHPEUDQHVFRQWDLQLQJK\GURJHQERQGDFFHSWRUV
LVSRVVLEOHYLDK\GURJHQERQGLQJZLWKK\GURJHQERQGGRQRUPROHFXOHV+RZHYHUWKHVHGRQRU
PROHFXOHV DUH ULQVHG DZD\ GXULQJ ZDWHU IOX[ H[SHULPHQWV DQG WKHUHIRUH DUH QRW XVHIXO IRU
DSSOLFDWLRQVLQZDWHUILOWUDWLRQ
,QFRQWUDVWSRO\GRSDPLQHFRDWLQJVHHPVWREHDYHUVDWLOHPHWKRGWRLQFOXGHIXQFWLRQDOJURXSV
RQ WKH VXUIDFH RI VXFK EORFN FRSRO\PHUPHPEUDQHV 7KH UHDFWLRQ RI SRO\GRSDPLQH FRDWHG
PHPEUDQHVZLWK QXFOHRSKLOHV VXFK DV DPLQHV LV SRVVLEOH DQG RSHQV WKH ZD\ WR LQWURGXFH D
YDULHW\RIRWKHU IXQFWLRQDOLWLHVZLWKRXWGHVWUR\LQJ WKH LQWHJUDODV\PPHWULFPHPEUDQHVWUXFWXUH
6XFKIXQFWLRQDOLVHGPHPEUDQHVPD\EHFRPHXVHIXOIRUDSSOLFDWLRQVLQDIILQLW\FKURPDWRJUDSK\

$FNQRZOHGJHPHQW 7KH DXWKRUV WKDQN 6DEULQD %ROPHU DQG &ODULVVD $EHW] IRU WKHLU KHOS LQ
$)0DQG6(0LQYHVWLJDWLRQV6LOYLR1HXPDQQDQG0RQD:DPEDFKIRUWKHLUKHOSZLWKWKH105
PHDVXUHPHQWV%ULJLWWH/DGHPDQQ IRU WKHV\QWKHVLVRI WKHSRO\PHUVDQG3HWUD0HUWHQ IRU WKH
IOX[ PHDVXUHPHQWV 7KLV ZRUN LV ILQDQFLDOO\ VXSSRUWHG E\ )3 (8SURMHFW 6(/)0(0 XQGHU
JUDQWDJUHHPHQW1036/

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